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RADIATION I N  THE UNIVERSE AND COSMIC ELECTRONS 

0. F .  P r i l u t s k i y  and I .  L .  Rozental '  

ABSTRACT. 
background r a d i a t i o n s  which may be t h e  i n t e g r a l  r a d i a t i o n s  o f  
t h e  Metagalaxy. 

Two hypotheses are analyzed. The f i r s t  i s  t h e  dual  hy- 
po thes i s ,  based on t h e  assumption t h a t  t h e  s o f t  ( rad io)  por- 
t i o n  of background r a d i a t i o n  i s  formed i n  synchrotron break- 
i n g ,  while X-radiat ion i s  formed i n  t h e  course o f  t he  r eve r se  
Comptom effect .  The second, o r  synchrotron hypothesis ,  assumes 
t h a t  a l l  background r a d i a t i o n  was formed by the  breaking of  
e l e c t r o n s  i n  t h e  magnetic f i e l d .  

s i o n  is  reached t h a t  t h e  p r i n c i p a l  con t r ibu t ion  t o  t h e  back- 
ground r a d i a t i o n  i s  made by l a r g e  (> two) Z ,  whi le  i n  t h e  
dual  hypothesis  t he  p r i n c i p a l  r o l e  i s  played by conventional 
g a l a x i e s ,  whi le  wi th in  t h e  framework of  t h e  synchrotron hy- 
po thes i s  t h e  effects are produced by powerful r a d i o  ga l ax ie s  
and quasars .  
u l t r a v i o l e t  r a d i a t i o n  is  analyzed;  wi th in  t h e  framework o f  
both hypotheses ,  t h i s  gas must e x i s t  i n  t h e  Metagalaxy. 

them are analyzed. 

The paper  d i scusses  the  problem of  sources  o f  

Within t h e  framework of  these  hypotheses,  t h e  conclu- 

The i o n i z a t i o n  of t h e  i n t e r g a l a c t i c  gas by 

The d i f f i c u l t i e s  o f  both hypotheses and ways o f  t e s t i n g  

In t roduc t ion  

The expansion o f  t h e  Universe has f o r  a long time been t h e  only experimen- - / 3 *  

t a l  confirmation o f  explos ive  cosmological models. 

A s imilar  s i t u a t i o n  i s  encountered on the  experimental  p lane ,  apparent ly  

due t o  t h e  fact  t h a t  observa t ions  o f  e x t r a g a l a c t i c  ob jec t s  a r e  made i n  t h e  

o p t i c a l  range,  where t h e r e  are s i g n i f i c a n t  background r a d i a t i o n s ,  and r e c e i v e r s  

do no t  have adequate s e n s i t i v i t y .  However, t h e r e  are o t h e r  more b a s i c  a spec t s  

t o  t h e  problem [ l ,  21. Theore t i ca l  r e l a t i o n s h i p s  ( t h e  observed d e n s i t y  o f  

ga l ax ie s  from the  red  s h i f t  Z, t h e  dependence o f  s t e l l a r  magnitude of  g a l a x i e s  

upon Z and t h e  dependence o f  t h e i r  angular  dimensions on Z) r e q u i r e  observa t ions  

a t  d i s t a n c e s  of  Z 2 1 ( so  t h a t  t h e  co r rec t ions  t h a t  a r e  n e c e s s i t a t e d  by t h e  

curva ture  of  space inc rease  as t h e  square  of Z ) ,  whi le  t h e  p r i n c i p a l  resu l t s  o f  

"Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  fo re ign  t e x t .  
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observa t ions  i n  t h e  o p t i c a l  range have been obta ined  a t  Z 5 0 .2 ,  s o  t h a t  

Newtonian mechanics are well descr ibed  i n  Eucl id ian  space.  

On t h e  o t h e r  hand, t h e  t h e o r e t i c a l  c a l c u l a t i o n s  a r e  based on t h e  assump- 

t i o n  o f  s t a n d a r d i z a t i o n  and unchangeabi l i ty  o f  g a l a x i e s .  

are cha rac t e r i zed  by a wide spectrum o f  s i z e s ,  and t h e i r  p r o p e r t i e s  can change 

with time (evolu t ion  o f  sou rces ) .  

In  r e a l i t y ,  ga l ax ie s  - /4 

In  such a case, t h e o r e t i c a l  r e l a t i o n s h i p s  cannot be compared with ex- 
periment and consequent ly  cannot be combined t o  e s t a b l i s h  t h e  n a t u r e  of  t h e  

Universe. 

I t  i s  considered probable ,  t h a t  t h e  achievements o f  r a d i o  and ex t r a -  

-atmospheric astronomy w i l l  have d e f i n i t e  ddvantages i n  overcoming t h e s e  

d i f f i c u l t i e s .  

A familiar reason f o r  such optimism i s  t h e  d iscovery  of  r e l i c t  r a d i a t i o n ,  

In  t h i s  case  t h e  evolu t ionary  which apparent ly  i s  of cosmological or ig in1 .  

models make it p o s s i b l e  t o  c a l c u l a t e  i t s  parameters a l l  t h e  way t o  very s h o r t  

times, e l a p s i n g  from t h e  beginning o f  expansion. 

Another important f a c t o r  i s  t h e  i n v e s t i g a t i o n  over  t h e  wide range of  

energ ies  o f  t h e  i s o t r o p i c  r a d i a t i o n s  which n a t u r a l l y  a r e  i d e n t i f i e d  with t h e  

i n t e g r a l  r a d i a t i o n s  of  t h e  Universe. Both of  t h e s e  experimental  facts allow 

us t o  proceed t o  an independent determinat ion o f  t h e  evolu t ion  o f  r a d i a t i o n  

sources  and t o  e s t a b l i s h  t h e  dynamics of  processes  which occur  i n  non- s t a t iona ry  

ob jec t s .  

We s h a l l  use  two methods t o  so lve  t h e s e  problems. 

The first of  them l eads  t o  an i n v e s t i g a t i o n  o f  t he  i n t e r a c t i o n s  of  cosmic 

rays with the  r e l i c t  r a d i a t i o n  and poss ib ly  with t h e  l i g h t  f i e l d  o f  t h e  Meta- ___ /5  
- 

galaxy' 

The p r i n c i p l e  i d e a  i s  based on t h e  fact  t h a t  i n  the  course of  i n t e r a c t i o n  

of cosmic rays  wi th  r a d i a t i o n  (formation of  vapor ,  r eve r se  photoef fec t  and pion 

lHowever, i n  view of  t h e  fundamental importance o f  t h i s  f i nd ing ,  it i s  neces- 
s a r y  t o  e s t a b l i s h  i t s  proof  on a more f i r m  b a s i s ,  i n  p a r t i c u l a r ,  t o  c l a r i f y  
the  n a t u r e  of  t he  i n f r a r e d  background [3 ] ,  and t o  understand t h e  behavior  o f  
cosmic r ays  i n  t h e  energy range g r e a t e r  than 1019 e V  ( see  below). 
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product ion)  t h e r e  is  a change i n  thc  na tu re  of t h e i r  energy spectrum which 

may be observed i n  experiments .  A comparison o f  t h e  ca l cu la t ed2  and ex- 

per imental  d a t a  makes it p o s s i b l e  t o  draw t h e  fol lowing conclusions ( f o r  

more d e t a i l  see example [4] and [4a] :  I )  i n t e r a c t i o n  with l i g h t  may p lay  

a r o l e  only  i n  t h e  no t  very  probable  assumption o f  a very cons iderable  evolu- 

t i o n  o f  l i g h t  sources .  In t h i s  case ,  t he  break i n  the  energy spectrum of  

cosmic r ays  i n  t h e  reg ion  E 

with l i g h t ;  ( 2 )  i f  t h e  evolu t ion  o f  l i g h t  sources  i s  small, t h i s  gap i s  ex- 

p la ined  by t h e  d i f f e r e n t  o r i g i n  o f  cosmic p a r t i c l e s  of  small ( l e s s  than l O I 5  

eV - galaxy) and l a r g e  (more than  1 0 l 6  eV - Metagalaxy) ene rg ie s .  

- 1015-1016 eV i s  expla ined  by t h e i r  i n t e r a c t i o n  n 

I t  i s  most impor tan t ,  however, t o  expla in  t h e  absence of a sharp  bend 

i n  t h e  energy spectrum a t  E - 1019 eV, p red ic t ed  on the  b a s i s  o f  c a l c u l a t i o n s  

of t h e  r e s u l t s  o f  i n t e r a c t i o n  o f  cosmic rays with r e l i c t  r a d i a t i o n  [SI .  
o,rder t o  make t h e  r e s u l t s  of  c a l c u l a t i o n  and experiment agree,  without  making 

any new c a r d i n a l  hypothes is  it i s  necessary t o  assume e i t h e r  t h a t  t h e  cosmic 

rays c o n s i s t  o f  heavy n u c l e i  o r  t h a t  they  a r i s e  comparatively c l o s e  t o  our 

galaxy3. 

In 

- / 6  

I .  Background Radiat ion.  Statement o f  t h e  Problem 

The f i g u r e  shows t h e  experimental  d a t a  on i s o t r o p i c  background r a d i a t i o n .  

This problem has been s t u d i e d  r epea ted ly  i n  r ecen t  yea r s .  

r e l a t i o n s h i p s ,  we have used t h e  summary d a t a  presented  i n  [6-1114. 

does not  conta in  d a t a  on s o f t  X-rays (E  - 240-280 eV), ob ta ined  r e c e n t l y  

[12-141. In our  opinion ( f o r  more d e t a i l s  see [ 1 5 ] ) ,  t he  high i n t e n s i t y  o f  

t he  r a d i a t i o n  i n  t h i s  reg ion  is  explained e i t h e r  by t h e  i n t e r a c t i o n  o f  e l e c t r o n s  

i n  t h e  upper l aye r s  of  t h e  atmospheres o r  by methodical e f f e c t s .  The r e l a t i o n -  

s h i p  shown i n  t h e  f i g u r e  has t h e  fol lowing p e c u l i a r i t y .  

To cons t ruc t  t he  

Our f i g u r e  

Y 

The reg ion  o f  r a d i o  

2Here and l a t e r  on, we have i n  mind t h e  c a l c u l a t i o n s  based on t h e  Friedman 

model ( A  = 0;  p / p c  = 1; p, -- 

r a d i a t i o n  .e31 f i l l e d  t h e  e n t i r e  Metagalaxy. 

ground r a d i a t i o n  r e q u i r e  improvement. 

g* ~ r n - ~  i s  the  c r i t i c a l  d e n s i t y ) .  

3 S t i l l  g r e a t e r  d i f f i c u l t i e s  ar ise  with t h e  assumption t h a t  t he  observed i n f r a r e d  

4Note t h a t  t h e  accuracy and r e p r o d u c i b i l i t y  of  t he  experimental  d a t a  on back- 
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. .... _.._ - .- .. . - _- . , . - .. . . . . . . . . . . . .  .- - .  , 

background (V - 107-1010 Hz) and X-ray background (V - 1017-1019 Hz) i s  t h e  

only s t e p  r u l e  with an exponent y = 1.7-1 .8 .  In t h e  region V - l O I 9  Hz - / 7  Y 
(Ey - 40-60 keV) the  spectrum conta ins  a gap and i s  approximated by a s t e p  

func t ion  with a exponent y = 2 . 2  a l l  t h e  way t o  V - Hz (E - 100 MeV). Y Y 
This p e c u l i a r i t y  of  t h e  energy spectrum o f  t h e  background r a d i a t i o n  pro- 

v ides  a b a s i s  f o r  two hypotheses regard ing  i t s  o r i g i n .  

The first hypothes is  ( f o r  t h e  sake of b r e v i t y ,  we s h a l l  r e f e r  t o  it as 
t h e  dual  hypothes is )  c o n s i s t s  i n  the  assumption t h a t  t he  r a d i o  background 

arises i n  t h e  process  o f  synchronous r a d i a t i o n ,  while  t he  X-ray and photon 

backgrounds a r e  due t o  t h e  r eve r se  Compton e f f e c t  o f  t h e  cosmic e l e c t r o n s  

on t h e  r e l i c t  r a d i a t i o n .  

The second hypothes is  is  t h e  synchrotron hypothes is .  The e n t i r e  spectrum 

o f  background r a d i a t i o n  i s  due t o  a magnetic braking mechanism. 

of t h i s  paper  is  t o  analyze t h e  assumptions and t h e  conclusions of  both hy- 

potheses .  

The purpose 

11. P r i n c i p l e  Conclusions of t h e  Dual Hypotheses 

A d e t a i l e d  a n a l y s i s  o f  t h e  dual  hypotheses was conducted i n  [15] .  For 

t h e  sake o f  completeness,  we s h a l l  p re sen t  t h e  b a s i c  conclusions o f  t h i s  paper  

he re .  

The p r i n c i p l e  assumption t h a t  was r e l a t i v e  t o  t h e  condi t ions  o f  propagat ion 

of e l e c t r o n s  led  t o  t h e  conclusion t h a t  i f  t h e  energy spectrum,of  t h e  e l e c t r o n s  
a t  t he  sources  has  a s tepped form, t h e  spectrum o f  t he  photons w i l l  have a 

s tepped form. 

Therefore ,  i t  fol lows from t h e  f a c t  t h a t  the  spectrum of  X-ray r a d i a t i o n  - / 8  
has a gap a t  E - 40-60 keV t h a t  w i th in  the  framework o f  t h e  hypothesis  under 

d iscuss ion  we can conclude t h a t  t h e  e l e c t r o n  spectrum a t  the  sources  has a 

d i s c o n t i n u i t y  i n  i t .  

Y 

The i n t e n s i t y  o f  X-rays observed i n  experiments is  explained on t h e  b a s i s  

There- o f  an assumption regard ing  t h e  powerful evolu t ion  of  e l e c t r o n  sources .  

f o r e ,  t he  e f f e c t  o f  d i s t ances  a t  which X-radiat ion i s  formed correspond t o  

2 - > 2 - 3 .  A t  these  d i s t a n c e s ,  t h e  dens i ty  of  t h e  r e l i c t  r a d i a t i o n  i s  g r e a t  

4 



(approximately 100 g r e a t e r  than  a t  t he  p re sen t  t ime) so  t h a t  t h e  e l e c t r o n s  

l o s e  t h e  p r i n c i p l e  p o r t i o n  of t h e i r  energy wi th in  t h e  l i m i t s  o f  t h e  g a l a x i e s .  

The p r i n c i p l e  sources  o f  X-radiat ion and r a d i o  background a r e  normal ga l ax ie s  

i n  which t h e  magnetic f i e l d  i s  no t  changed from t h e  moment of  t h e i r  formation.  

111. Metaga lac t ic  U l t r a v i o l e t  Radiat ion 

If t h i s  hypothes is  i s  c o r r e c t ,  t h e r e  must be  s i g n i f i c a n t  u l t r a v i o l e t  

r a d i a t i o n  i n  t h e  Metagalaxy. This  conclusion i s  no t  completely t r i v i a l  f o r  

t h e  reason t h a t  a simple e x t r a p o l a t i o n  o f  t he  energy spectrum o f  X-radiat ion 

i n  t h e  u l t r a v i o l e t  reg ion  is  r equ i r ed  i n  t h e  b a s i s  due t o  processes  t h a t  agree 

with r eve r se  Compton e f f e c t ,  and a poss ib l e  d i s c o n t i n u i t y  i n  t h e  spectrum o f  

cosmic e l e c t r o n s  as f a r  as low ene rg ie s  a r e  concerned. This s e c t i o n  i s  
devoted t o  an a n a l y s i s  of  t hese  problems. 

- /9 

The X-radiat ion with E 2 1 keV i n  the  course o f  t he  r eve r se  Compton e f f e c t  
Y 

i s  produced with e l e c t r o n s  with Ee 2 1 GeV. The a l t e r n a t i v e  i s  a l s o  p o s s i b l e :  

1) The spectrum of t h e  e l e c t r o n s  a t  t h e  sources  extends i n t o  t h e  reg ion  

of  low ene rg ie s  (less than  about 100 MeV) when u l t r a v i o l e t  quanta  arise i n  t h e  

course o f  t h e  reverse Compton e f f e c t ,  and, 

2 )  The spectrum of  e l e c t r o n  genera t ion  breaks a t  E % l o 0  MeV,  b u t  

fol lowing braking by r e l i c t  r a d i a t i o n ,  i t  w i l l  s h i f t  t o  t h e  r eg ion  of  lower 

ene rg ie s ,  where i t  i s  unavoidable t o  have formation of  u l t r a v i o l e t  r a d i a t i o n .  

e 

Let us  cons ider  t h e  problem o f  t h e  concurrent  processes  t h a t  lead t o  

energy l o s s e s  o f  e l e c t r o n s  with Ee < 1 G e V .  

t i o n  l o s s e s  do no t  p l ay  any r o l e  up t o  E 

o f  t h e  substance i n  t h e  Universe does not  exceed t h e  c r i t i c a l  va lue  s i g n i f i -  

The braking r a d i a t i o n  and ion iza -  

- 100 MeV, i f  the  average dens i ty  p e 

can t ly  (P 5 P c >  

Let us  spend some time i n  d i scuss ing  i n  d e t a i l  t h e  in f luence  o f  t h e  red 

s h i f t ,  assuming t h a t  t h e  d i f f e r e n t i a l  r e l a t i o n s h i p  between t h e  pa th  X and t h e  

red  s h i f t  Z i s  determined by t h e  Friedman model with Eucl idian me t r i c s5 :  

5The p o s s i b l e  change i n  curva ture  i n  space has no in f luence  on t h e  fol lowing 
conclusions.  

5 



Where H i s  the  Hubble cons tan t  i n  our  era;  w = 1/1 + Z .  The equat ion 0 
descr ibed  i n  the  o r i g i n  i n  the  Metagalaxy o f  e l e c t r o n s  with an energy E 

>, 100 MeV has t h e  form: 

> e r  
.- 

Where Eek = 3HO(mc2)2/4coTW20 is  t h e  energy at which t h e  energy l o s s e s  

0 . 2 5  eV cm-3 i s  t h e  dens i ty  o f  t h e  

ba lance  t h e  red  s h i f t  and the  r eve r se  Compton e f f e c t  i n  ou r  e r a  (oT* 7*10-25  

cm2 i s  t h e  Thompson c ross  s e c t i o n ;  

energy o f  r e l i c t  r a d i a t i o n  i n  our  era .  
w20 

Equation (2) has t h e  fol lowing s o l u t i o n :  

Where EeO i s  t h e  e l e c t r o n  energy a t  w = 1. I t  fol lows from equat ion (2) 

t h a t  i f  Ee > E k ,  then  even i n  our  era t h e  l o s s e s  t o  t h e  r eve r se  Compton effect  
w i l l  p r e v a i l  over  t he  l o s s e s  caused by the  r e d  s h i f t .  Therefore ,  i n  t h e  reverse 
Compton e f f e c t ,  involv ing  r e l i c t  r a d i a t i o n  E - 4/3  E20(Ee/mc2)2 (E2o  i s  the  

energy o f  t he  quanta  of  r e l i c t  r a d i a t i o n  i n  our  e r a ) ,  t h i s  means t h a t  we can 

d i s r ega rd  the  l o s s e s  due t o  t h e  r ed  s h i f t  a l l  t h e  way t o  energ ies  of  E 

2 30-40 cV. We w i l l  be i n t e r c s t e d  i n  photons a l l  t h e  way t o  ene rg ie s  o f  

about 10 eV (corresponding t o  Ee - 100 MeV). 

we can d i s r ega rd  the  red  s h i f t .  Therefore ,  we s h a l l  perform our  c a l c u l a t i o n s  

i n  t h e  fu tu re  with t h i s  omission taken i n t o  account6.  

Y 
/11 
F 

> 
Y -  

In t h i s  case ,  even a t  Z > 0 . 3  

A t  any po in t  i n  t h e  Metagalaxy a t  which t h e  energy of  t he  r e l i c t  quanta  

E an e l e c t r o n  with an energy E w i l l  form photons with t h e  spectrum: R' 20 

6Several  e s t ima tes  o f  t h e  in f luence  of  t h e  red  s h i f t  on the  r a d i a t i o n  of  s o f t  
u l t r a v i o l e t  are given i n  appendix 1. 

6 



Where 8 i s  t h e  s t e p  func t ion .  Using t h e  s tandard  expressions f o r  t h e  

Friedman model, we can ob ta in  t h e  express ion  F(E ) f o r  t h e  energy spectrum 

o f  photons a t  any p o i n t  i n  space:  
Y 

Where c1 = mc2J3E /4E2; P(Ee) i s  t h e  energy spectrum of t h e  e l e c t r o n s  
Y 

at  t h e  sources .  

Following t h e  i n t e g r a t i o n  w e  will have: 

Where wi 

Note t h a t  (5) and (6) due not  cons ider  absorp t ion  of  t h e  u l t r a v i o l e t  by 

1 corresponds t o  t h e  r i s e  time f o r  t h e  e l e c t r o n  sources .  

t h e  i n t e r g a l a c t i c  gas and the  evolu t ion  of  e l e c t r o n  sources .  As w i l l  be  shown 

i n  the  fol lowing s e c t i o n ,  t he  r i s i n g  u l t r a v i o l e t  r a p i d l y  ion izes  t h e  i n t e r -  

g a l a c t i c  gas ,  and we can t h e r e f o r e  d i s r ega rd  i t s  absorp t ion .  

The in f luence  o f  evolu t ion  i s  apparent i n  a reg ion  where t h e  red  s h i f t  

i s  s i g n i f i c a n t .  

i nc rease  i n  the  i n t e n s i t y  of t h e  s o f t  u l t r a v i o l e t .  For f u r t h e r  c a l c u l a t i o n s ,  

w e  w i l l  approximate t h e  spectrum of  t h e  e l e c t r o n s  o f  t he  s t e p  func t ion ,  c u t - o f f  

on t h e  low energy s i d e  a t  a c e r t a i n  va lue  E 

Therefore ,  t h e  p o s s i b l e  evolu t ion  may only lead  t o  a s l i g h t  

eL 

Then t h e  t o t a l  energy E12 of t he  photons with ene rg ie s  loca ted  i n  t h e  range 

/13 E Y land E Y 2 ( E y l  < Ey2) i s  determined by the express ion  - 

7 



In  t h e  fol lowing,  we s h a l l  be i n t e r e s t e d  i n  t h e  r a t i o  of t h e  t o t a l  energ ies  

I t  i s  easy t o  see t h a t  t h e  r a t i o  i n  which we are i n t e r e s t e d  i s  determined by 

formulas ( sa )  and (8b) as a func t ion  of  the  i n e q u a l i t y :  
-- __ _____ ___.__ 

Now l e t  us  eva lua te  t h e  r a t i o  E(23 ( l ) ,  where Et;' corresponds t o  t h e  well- / 1 4  1 2  /E12 - 
-known range of  r a d i a t i o n  i n  t h e  X reg ion  from 1-10 keV. Then r a t i o s  (8) and 

(9) make it p o s s i b l e  t o  c a l c u l a t e  t h e  energy E(2) o f  t h e  r a d i a t i o n  i n  t h e  

u l t r a v i o l e t  reg ion  (we w i l l  cons ider  it t o  be equal t o  10-100 eV). 
1 2  

I t  i s  obvious t h a t  t h e  r a t i o  E ( 2 )  

consequently on E as we l l  as t h e  va lue  ye .  

The upper l i m i t  o f  t h e  values  of E 

depends on t h e  va lue  of  E and 
1 2  l E 1 2  YL 

eL 

may be es t imated  from t h e  fol lowing eL 
We know t h a t  t h e  spectrai l  index of t h e  non-thermal r a d i o  back- r e l a t i o n s h i p s .  

8 
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ground, as well as t h e  r a d i o  r a d i a t i o n  o f  ga l ax ie s  a l l  t h e  way t o  f requencies  

2 5 Mhz, does n o t  undergo a s i g n i f i c a n t  change. 

i s  a drop i n  t h e  s p e c t r a ,  u s u a l l y  i n t e r p r e t e d  as t h e  r e s u l t  o f  absorp t ion  o f  

long-wave r a d i a t i o n .  

made t o  t h e  r a d i o  g a l a x i e s ,  t h e  e f f e c t i v e  vo l t age  o f  t he  magnetic f i e l d  

H - O e ,  i f  t h e  ga l ax ie s  are similar t o  ou r s ,  then  H >, 3.10-6 Oe. 

e s t ima t ing  t h e  upper l i m i t  o f  E we w i l l  use  t h e  l a t t e r  va lue ,  which g ives  a 

known upper l i m i t  EeL. In  t h i s  case E - 5.108 eV (a) .  Another method eL 
o f  e s t ima t ing  E 

a t  t h e  l i m i t  o f  t h e  atmosphere f o r  a l l  sources .  In  such an e x t r a p o l a t i o n ,  

which g ives  t h e  lower l i m i t ,  

A t  f requencies  < N 5 Mhz, t h e r e  

I f  t h e  p r i n c i p l e  con t r ibu t ion  t o  r a d i o  background i s  

For 

eL 

i s  t o  gene ra l i ze  t h e  energy spectrum of  e l e c t r o n s  measured eL 

-4 100 MeV ( b ) .  

on t h e  b a s i s  o f  t he  spectrum o f  X-radia t ion .  /15 e 
If we assume (see [15] and Sec t ion  I )  t h a t  t h e  e l e c t r o n  spectrum i n  t h e  sources  

undergoes a d i s c o n t i n u i t y  i n  t h e  reg ion  

EeL 

I t  i s  p o s s i b l e  t o  estimate y - 

3-5 GeV,  then with Ee 5 3-5 GeV 

y; 2.5 (Y; - + 1 ) .  - ‘e 

In accordance with t h e  l a t t e r  measurements [16] ,  E(1) - 3- eV ~ m - ~ .  1 2  
Using t h i s  va lue  i n  formulas (8) and (9), w e  can ob ta in  t h e  va lue  E::’ f o r  

t h e  u l t r a v i o l e t  range f o r  d i f f e r e n t  va lues  o f  EeL and YL (Table 1). 

TABLE 1 

5.108 10 

‘e 1 2.5 3 .7  2.5 3 . 7  

(ev cm-3 

In t h e  columns corresponding t o  t h e  index 3 .7 ,  values  of E ( 2 )  a r e  used 

which were obtained on t h e  assumption t h a t  t h e  spectrum o f  t h e  e l e c t r o n s  i s  

descr ibed  by a func t ion  with a s i n g l e  s u b s c r i p t  f o r  a wide range o f  energ ies  

1 2  

[I11 - 
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'I'he values of E(2) which are obtained lead to large fluxes of ultraviolex / 1 G  12 1 -  

3.7 the flux is lo5 kV cm-2 sec-l. I 

quanta. Since with y' a 2.5 ( the  most natural assumption) the flux ixs e , -- 
i 

i, - Solo3 kq cm-2 sec-l; with y' e j 
l 

I i 
; 

1 limit of &e ultraviolet background (Court [17]); the measured value exceeds 

L-. 

x At t$ present time, we have very limited data in regard to the bpper 

I I 

l,-q ; both of the values given above. Therefore, it is extremely desirable to make i 
i 
I 
! r- 

the experimental data more exact. 

However, there are some interesting questions we could pose at this j 
I 
, point. 

,' 

Syunyayev [18] noted that the value of the ultraviolet background, ex- 
ceeding lo4 kV cm-2 sec-l, contradicts the observed distribution of neutral - 

:'[> \-hydrogen , at the periphery of the galaxies. This finding is in contradiction 

-to the model which has been developed in parallel [ll]. 

The appendix 1 is shown that even a low probability assumption regarding 

This additional indication that the observed high keen- 
the cut-off of  this spectrum of electrons and the sources does not reduce 
this contradiction. 
sity of soft X-radiation background (E - 240-280 eV) cannot be explained by 

Y 
,the reverse Compton effect. 

IV. Ionization and Heating of Intergalactic Gas 
I 

The kinetics of the heating of the intergalactic gas was investigated 

. i r8 first by Ginzburg and Ozern [19], 
the assumption that the sources of heat were subcosmic rays and essentially 
+*on-stationary objects (radio galaxies, quasars, etc.). Consequently, this 

The approach to this problem was based on , 
,- l 

e- 

approach was developed repeatedly (see for example [ Z O ,  211). The estimates 
made in these works showed that these sources indicated were insufficient not 
only for heating to the high temperature T - (105-106)"K, but also the main- 
-tain it for a long time, if the density of the substance in the Universe in 
order of magnitude is equal to o r  greater than the critical density. 

I 

Attempts have been made to approach the problem of heating of intergalactic 
gas "experimentally." Thus, the sometimes observed isotropic X-radiation was 
interpreted as a possible occurrence of radiation of heated Metagalactic gas 

10 
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as p - 
i s o t r o p i c  X-radiat ion c o n t r a d i c t s  t h i s  assumption. 

may g ive  only t h e  upper l i m i t  o f  t h e  va lues  T.  

( see  f o r  example [ 2 2 ,  2 3 3 ) .  However, t h e  s tepped spectrum of t h e  

Hence , such an approach 
p C  

Another approach has  t o  do wi th  t h e  i n t e r p r e t a t i o n  o f  t h e  results o f  

/18 Hanna and Peterson [24], who found t h a t  i n  t h e  v i c i n i t y  o f  quasar  ES-9, t h e  - 
d i s t a n c e  t o  which i s  approximately Z J  2 ,  t h e  d e n s i t y  o f  t h e  n e u t r a l  hydro- 

gen i s  low (n < 6- g ~ m - ~ ) ~ .  On t h e  b a s i s  o f  t hese  r e s u l t s ,  and assuming 

t h a t  t h e  d e n s i t y  of  t h e  Metaga lac t ic  gas i s  g r e a t  (p >, pc) , they  concluded 

t h a t  T was l a r g e  i n  va lue .  

t h e  r e s u l t s  o f  Koehler ' s  experiments [27] i n  regard t o  t h e  high d e n s i t y  of  t h e  

n e u t r a l  hydrogen (> 4 . 4 -  - 0 .1 ) .  Hence, t h e  s i t u a t i o n  involv ing  t h e  h e a t i n g  and i o n i z a t i o n  of  i n t e r -  

g a l a c t i c  gas i s  now r a t h e r  inde termina te .  

H 

However, t h i s  system does not  agree [21]  with 

p a r t s  p e r  cmw3) i n  t h e  immediate v i c i n i t y  ( Z  - 

I t  seems t o  us  t h a t  a f a c t o r  which might c lear  up t h e  s i t u a t i o n  t o  some 

ex ten t  i s  t h e  i n t e r g a l a c t i c  u l t r a v i o l e t  r a d i a t i o n  of  s i g n i f i c a n t  i n t e n s i t y .  

As we showed i n  t h e  preceeding s e c t i o n ,  i f  we accept  t h e  assumption 

t h a t  t h e  i s o t r o p i c  X-radiat ion (with ene rg ie s  2 1 keV) i s  weakened by t h e  
r eve r se  CoGpton e f f e c t  wi th  t h e  re l ic t  r a d i a t i o n ,  t h e r e  must be  i n t e n s e  r a d i a -  

t i o n  i n  t h e  u l t r a v i o l e t  reg ion  i n  t h e  Metagalaxy8. 

Let t h e  energy spectrum of  t h e  e l e c t r o n s  i n  the  sources  be expressed by -- /19 
t h e  genera l ized  func t ion  (7) : 

B and w are cons t an t s .  'e 9 i where A, 

71t i s  p o s s i b l e  t h a t  t he  d a t a  [24]  would g ive  a somewhat lower va lue  n See H '  
t h e  d i scuss ion  i n  [25 ,  261. 

t h e  Metaga lac t ic  r a d i a t i o n  i n  the  r a d i o ,  u l t r a v i o l e t  and X-ray reg ions  i s  
caused by a s i n g l e  magnetic-braking mechanism, and t h e  u l t r a v i o l e t  escapes 
s i g n i f i c a n t  absorpt ion from sources  i n  the  Metagalaxy, s e e  t h e  next  s e c t i o n .  

8 A l l  o f  t h e  fol lowing remained v a l i d  even with t h e  a l t e r n a t i v e  assumption t h a t  

11 
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The constants A ,  y and P are determined on the basis of the intensity e 
and the spectrum of  tho X-radiation [ S I .  
violet radiation in the region E 

‘hen the differential f l u x  of  ultrn- 
>, 20 eV corresponds to the expressiong: 

Y 

where E - l S 6  B(w - wi) (cm-2sec-1keV-1ster-1). 
Y 

Let us examine the stationary ionization 

where n and n are the concentrations of the neutral and ionized atoms, 
respectively. 

H 

The rate of ionization 

“ 

The photoionization cross section 

where E = 13.6 eV. i 

~ ~ _ _  

gFormula (11) was obtained for PIP  = 1. The final expressions are dependent 
6 

very little on the value of  this parameter. 

1 2  



The degree of i o n i z a t i o n  nH/n depends on t h e  c o e f f i c i e n t  of  recombination 

a, i . e . ,  on t h e  temperature  o f  t he  i n t e r g a l a c t i c  gas .  No r e l i a b l e  e s t ima tes  

on the  va lue  of  T o f  any kind a r e  a v a i l a b l e l o .  

t h e  va lue  o f  a f o r  two temperature  va lues :  

In  t h e  f i rs t  case, 

In t h e  genera l  form, wi th  nH/n 

Therefore  we s h a l l  e s t ima te  

T1 = (105)"K and T2 = (103)"K. 

- cm3 sec- l ;  i n  t h e  second, c1 - 5.10-13cm3sec-1. "1 2 
1 ) :  

formula (15) i s  s i m p l i f i e d  f o r  two important p a r t i a l  cases: B 2.5 (weak 

evolu t ion)  and B S 2 .5  ( s t rong  e v o l u t i o n ) .  

3-1, it is easy t o  see t h a t  i n  t h e  case  o f  weak evo lu t ion ,  by way of  approxi- 
mation, w e  w i l l  have nH/n - w - ~ . ~ ;  wi th  s t r o n g  evo lu t ion ,  t h e  r a t i o  nH/n 

Assuming t h a t  w G 1 and w/wi $ i 

w i l l  be  cons t an t .  

I t  fol lows from equat ions  (11) t o  (15), f o r  example, t h a t  with T 

I f  we r la te  t h  

= T1 

r e s u l t s  o f  Hanna-Peterson t o  t h e  e n t i r e  M-tagal .Y1l 3 

we can then  ob ta in  an estimate of t h e  d e n s i t y  o f  t h e  i n t e r g a l a c t i c  gas .  

T - T1, p <, 0 . 2 ,  P ( s t rong  evolu t ion)  and p 5 5. 
With T = T2,  t h e  va lues  are approximately two f a c t o r s  l e s s .  

V.  Synchronous Hypothesis o f  t h e  Or ig in  of Background Radiat ion 

With 

p c  (weak evo lu t ion ) .  
C 

If  we i n t e r p o l a t e  t h e  energy r e l a t i o n s h i p s  of  t he  r a d i o  and X-radiat ion 

with ene rg ie s  o f  1-20 keV, t h e  i n t e r p o l a t e d  curve w i l l  be a s t r a i g h t  l i n e  i n  

the  logar i thmic  s c a l e  wi th  a high degree of accuracy (see t h e  d o t t e d  curve i n  

Figure 1 ) ;  t h i s  curve w i l l  be  an ex tens ion  of  both p a r t s  ( r ad io  and X-radia t ion) .  

"Several es t imates  of t h e  k i n e t i c s  o f  t he  h e a t i n g  o f  i n t e r g a l a c t i c  gas by 

"Similar i n t e r p r e t a t i o n  i s  not  necessary ( see  [ 2 6 ] ) .  
u l t r a v i o l e t  are given i n  appendix 2 .  
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This  fact  leads  t o  t h e  assumption t h a t  t h e  non-equi l ibr ium background r a d i a -  

t i o n  over  an enormous range o f  energ ies  10-7-10+4 eV i s  a t t enua ted  by a 

s i n g l e  mechanism. I t  i s  obvious t h a t  such a mechanism cannot be  t h e  reverse 

Compton e f f e c t  o r  t h e  decay o f  n o  mesons. We can t h e r e f o r e  assume t h a t  over  

t h e  e n t i r e  range from 10e6-104 eV t h a t  t h e  background r a d i a t i o n  i s  caused by 

breaking of  e l e c t r o n s  i n  t h e  magnetic f i e l d .  

- / 2 2  

The ques t ion  arises regard ing  t h e  o r i g i n  of  t h e  r a d i a t i o n  i n  t h e  lo5 -  

- lo8  eV region12.  

t h r e e  mechanisms o u t l i n e d  above and res t  on t h e  assumption t h a t  with E 

< l o 4  eV t h e  r a d i a t i o n  i s  produced by a s i n g l e  synchronous mechanism, we must 

conclude t h a t  with E > l o 4  eV t h e  r a d i a t i o n  i s  produced by t h i s  mechanism. Y 
In  t h e  oppos i t e  case, it would be extremely d i f f i c u l t  t o  understand t h e  

i n t e r r u p t i o n  i n  t h e  E 

by no  decay o r  t h e  r eve r se  Compton e f f e c t .  

I f  we analyze t h i s  problem wi th in  the  framework of  t h e  
< 

Y 

< 104-105 eV reg ion  o f  t he  r a d i a t i o n  spectrum, caused Y 

Hence, we come t o  an important conclusion:  i f  the  background r a d i a t i o n  

i n  the  10-7-104 eV region  i s  caused by synchronous r a d i a t i o n ,  then  t h e  

p r i n c i p l e  con t r ibu t ion  i n  t h e  105-108 eV reg ion  i s  made by t h i s  process .  

Let us  examine t h e  ques t ion  o f  t h e  sources  o f  background r a d i a t i o n  wi th in  

t h e  framework of  t h e  synchrotron hypothes is .  

In c o n t r a s t  t o  t h e  dual  hypotheses ( see  s e c t i o n  11), t h e  p r i n c i p l e  sources  - / 2 3  

he re  cannot be t h e  usua l  g a l a x i e s ,  s i n c e  experimental  d a t a  regard ing  t h e  be- 

hav io r  of  t h e  s p e c t r a l  index of t h e  r a d i a t i o n  show t h a t  i n  t h i s  case i t  has a 
gap i n  t h e  1000 MHz reg ion  1261 as a r u l e .  

Apparently,  such sources  cannot be t h e  weak end medium s i z e d  r a d i o  

ga l ax ie s  (with a r a d i a t e d  power of less than Watts p e r  H z - l s t e r - l ) .  The 

b a s i s  f o r  such a conclusion i s  t h e  c a l c u l a t i o n s  which show t h a t  i n  the  absence 

of  evolu t ion  o f  sou rces ,  t h e  con t r ibu t ion  of a l l  r a d i o  ga l ax ie s  t o  t h e  r a d i o  

background i s  less than 15-20% [29-301, we know t h a t  t he re  is  no b a s i s  f o r  
~~ ~ ~~ 

l2The 104-105 eV i n t e r v a l  i s  a t r a n s i t i o n a l  reg ion  i n  which t h e  s u b s c r i p t  y 
Y 

changes from t h e  va lue  of  y = 1 . 7  (E  <, l o 4  eV) t o  y = 2 . 2  (E  2 l o 5  eV) . 
Y Y Y Y 
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assuming t h e  evolu t ion  f o r  weak r a d i o  g a l a x i e s .  

Hence, t h e r e  a r e  powerful r a d i o  sources  o r  quasars  which can exp la in  

t h e  observed r a d i o  background, i f  we assume i n  accordance with experimental  

d a t a  t h a t  they  have a s t r o n g  evo lu t ion  ( see  t h e  d e t a i l e d  argumentation on 

beha l f  o f  t h e  n e c e s s i t y  f o r  i n t roduc t ion  of  evo lu t ion  i n t o  t h e  survey by 

Longeyr [31]) .  

The experimental  b a s i s  f o r  t h e  evolu t ion  o f  quasars  o r  an inc rease  i n  

t h e i r  d e n s i t y  i n  t h e  accompanying system of coord ina tes  are given i n  a mono- 

graph [25] and i n  t h e  work by Schmidt [32].  Let us  examine s e v e r a l  conse- 

quences of t h e  synchrotron hypothes is .  

about t h e  fa te  of t h e  s t r o n g  u l t r a v i o l e t  r a d i a t i o n  beyond t h e  Lyman continuum, 

which arises i n  conjunct ion with synchrotron hypothesis  i n  sources .  

F i r s t  o f  a l l ,  t h e r e  i s  t h e  ques t ion  

Direct measurement o f  t h i s  r a d i a t i o n  i s  necessary  due t o  absorp t ion  of  - /24 
t h i s  r a d i a t i o n  i n  t h e  galaxy. 

Therefore ,  l e t  u s  c a r r y  out  some h e u r i s t i c  cons ide ra t ions .  

Let us  begin by examining t h e  s i t u a t i o n  as far as quasars  are concerned. 

By way of  supplementing t h e  monograph [25] w r i t t e n  by Kardashev, Soglasnov 

and Soglasnova, d i s t r i b u t i o n s  by r a d i a t i o n  f requencies  were obta ined  for  210 

quasars ;  approximately 160 of them l e n t  themselves t o  determinat ion of  spec- 

t r a l  i n d i c e s  over  a wide energy range ( r ad io  and o p t i c a l ) .  In approximately 

50% t h e  i n t e n s i t y  i n  t h e  o p t i c a l  range was h ighe r  than  t h e  ex t r apo la t ed  curve 

f o r  t h e  r a d i o  range;  i n  15% it was lower and i n  35% t h e  i n t e n s i t y  i n  t h e  

o p t i c a l  l i e s  along t h e  ex tens ion  o f  a curve which r ep resen t s  t h e  i n t e n s i t y  i n  

t h e  r a d i o  range.  

Let us  examine t h e  l a t t e r  i n  more d e t a i l .  I f  t h e  u l t r a v i o l e t  i s  absorbed 

wi th in  t h e  l i m i t s  o f  t h e  source ,  then  i n  t h e  f i n a l  a n a l y s i s  it w i l l  be con- 

ve r t ed  i n t o  quanta  i n  the  o p t i c a l  range.  

Within t h e  framework o f  t h e  synchrotron hypothes is ,  with a s p e c t r a l  index 

o f  a - 0 . 7 ,  t h i s  would mean t h a t  t he  i n t e n s i t y  i n  t h e  o p t i c a l  range exceeded 

t h e  corresponding values  of  t h e  ex t r apo la t ed  curve by 3 t o  4 times. I t  i s  

t h e r e f o r e  n a t u r a l  t o  suggest  t h a t  i n  these  35% o f  t h e  quasars  t h e  u l t r a v i o l e t  

i s  p r a c t i c a l l y  not  absorbed. 
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The second argument i s  the  d i r e c t  observa t ion  of  the  l i n e  I, i n  quasars  R 
ZS9 [26,  331.  I f  t he  r a d i a t i o n  on t h i s  l i n e  passes  through t h e  envelope of  

t h e  quasa r ,  t h e r e  i s  no b a s i s  f o r  assuming t h a t  t h e  r a d i a t i o n  beyond t h e  -- / 2 5  
Lyman continuum1 cannot a l s o  pass  through i t .  

On t h e  o t h e r  hand Shklovskiy [34] noted a long time ago t h a t  i n  view o f  

t h e  fact  t h a t  t h e  r a d i a t i o n  on t h e  hydrogen l i n e s  i n  quasar  ZS273 i s  equal 

i n  o rde r  of magnitude t o  t h e  energy o f  t h e  u l t r a v i o l e t  beyond t h e  Lyman con- 

tinuum and must t h e r e f o r e  must be converted i n t o  t h e  o p t i c a l  quanta .  

This  fact does no t  con t r ad ic t  ou r  f ind ing  t h a t  i n  a l a r g e  p a r t  o f  t h e  

quasars  t h e  u l t r a v i o l e t  must go beyond the  l i m i t s  o f  t he  envelope without 

s i g n i  f i c a n t  absorp t ion .  

I t  i s  i n t e r e s t i n g  t o  perform a similar i n v e s t i g a t i o n  f o r  powerful r a d i o  

ga l ax ie s  as we l l .  The most r e l i a b l e  method would be an a n a l y s i s  o f  t h e  

behavior  of t h e  s p e c t r a l  i nd ices  i n  t h e  r a d i o  and o p t i c a l  ranges.  However, 

we do no t  have such information.  Therefore ,  w e  s h a l l  l i m i t  ourse lves  t o  an 
ana lys i s  o f  t h i s  p o i n t  f o r  t h e  S i e f e r t  galaxy MGC4151 and t h e  galaxy M87. 

Using t h e  d a t a  on t h e  dens i ty  of  t h e  i n t e r g a l a c t i c  gas and t h e  temperature  of 

t hese  ga l ax ie s  ( see  [35]-[38]) ,  we can ob ta in  a rough estimate o f  t h e  degree 

o f  absorp t ion  of  hard u l t r a v i o l e t .  We f i n d  t h a t  i t  cannot be s i g n i f i c a n t .  

If  t he  hard u l t r a v i o l e t  from powerful sources  escapes i n t o  i n t e r g a l a c t i c  

space,  it must (according t o  t h e  f ind ings  o f  cu r ren t  hypothes is )  perform 

i o n i z a t i o n  of  t h e  i n t e r g a l a c t i c  gas [ 2 6 ] .  I t  i s  necessary  t o  mention i n  t h i s  

connection t h e  formation o f  t h e  s p a t i a l  zones (similar t o  t h e  Stremgrem zones) 

around quasars  with a s i ze  on t h e  o r d e r  o f  s eve ra l  Megaparsecs. 

i n  o rde r  t o  take i n t o  account t h e  p o s s i b l e  evolu t ion  o f  t h e  dens i ty  o f  quasars  

(according t o  Schmidt), t h e  t o t a l  e f f e c t  of  t h e  u l t r a v i o l e t  r a d i a t i o n  from a l l  
quasars  w i l l  l ead  t o  a high degree of i o n i z a t i o n :  

va lue  i s  even l e s s  t han  t h a t  obtained i n  t h e  dual hypotheses (see s e c t i o n  IV), 

l3Note t h a t  t h e  o p t i c a l  spectrum of t h e  quasar  ZS9 l i e s  ou t s ide  t h e  ex t r apo la t ed  
curve.  Hence, t h i s  f e a t u r e  i s  not  an unambiguous i n d i c a t i o n  o f  t h e  complete 
absorp t ion  of  t h e  hard u l t r a v i o l e t .  

- /26 

In add i t ion ,  

2 - 2 ,  nH/n - This 
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whicli tins to do w i t h  tlio d e r i v n t j o n  o f  Schmidt d a t a  h y  extrapolation t o  large 

Z ,  t h e  e r r o r  i n  e s t ima t ing  the  average u l t r a v i o l e t  r a d i a t i o n  of  quasars  and 

f a i l u r e  t o  take i n t o  account t h e  l i m i t a t i o n  o f  t h e  r a d i a t i o n  of quasars  i n  

t h e  r a d i o  range i n  [26 ] .  

In conjunct ion with t h e  p o s s i b l e  r o l e  o f  quasars  i n  t h e  formation o f  

background r a d i a t i o n ,  i t  i s  i n t e r e s t i n g  t o  s tudy  t h e  problem of  t h e  r e l a t i o n -  

s h i p  between the  spectrum of  t h e  genera t ion  o f  e l e c t r o n s  and the  spectrum o f  

r a d i a t i o n  i n  compact sources  with high r a d i a t i o n  d e n s i t y .  

impression t h a t  it i s  only  i n  t h i s  case ,  when t h e  ex ten t  of  t h e  source 

s i g n i f i c a n t l y  exceeds t h e  average path of t h e  e l e c t r o n s  r e spons ib l e  f o r  

r a d i a t i o n ,  t h a t  t h e  s tepwise  n a t u r e  o f  t h e  r a d i a t i o n  can be preserved.  

However, t h i s  problem r e q u i r e s  a d d i t i o n a l  i n v e s t i g a t i o n .  

One g e t s  t h e  

V I .  J o i n t  Evaluat ion of  t h e  Dual and Synchrotron Hypotheses 

In t h i s  s e c t i o n  we s h a l l  eva lua te  and compare t h e  p o s s i b l e  arguments i n  

favor  of t h e  hypotheses d iscussed  above as wel l  as those  aga ins t  them. 

Let us deal  f irst  wi th  t h e  dual  hypothes is .  

This hypothesis  i s  a good explana t ion  of  t h e  experimental  d a t a ,  bu t  i t  

requ i r e s  a d d i t i o n a l  assumption of t h e  powerful evolu t ion  of  e l e c t r o n  sources .  

The most d i f f i c u l t  a spec t  o f  t h i s  hypothesis  i s  t h e  need t o  allow a 
d i s c o n t i n u i t y  i n  t h e  e l e c t r o n  spectrum i n  t h e  sou rces .  

cannot be explained wi th in  t h e  framework of  cu r ren t  concepts regard ing  t h e  

a c c e l e r a t i o n  of  cosmic p a r t i c l e s .  

Such a d i s c o n t i n u i t y  

There i s  however, one experimental  f a c t  which agrees  with t h e  assumption 

We have t h a t  t h e  e l e c t r o n  spectrcm i n  t h e  sources  undergoes a d i s c o n t i n u i t y .  

i n  mind t h e  da t a  on t h e  behavior  of  t h e  s p e c t r a l  index o f  ord inary  ga l ax ie s  

[ 28 ] .  This d i s c o n t i n u i t y  cannot be simply t r e a t e d  (as  i s  usua l ly  done i n  
regard t o  our galaxy) as a mani fes ta t ion  of  processes  t h a t  brake e l e c t r o n s  

along t h e  pa th  from t h e  sources  t o  t h e  observer .  The f a c t  i s  t h a t  t h e  e l e c t r o n s  

with low energ ies  ( p r i o r  t o  f i s s i o n ) ,  emerging from t h e  ga l ax ie s ,  must pro-  

duce X-radiat ion i n  t h e  process  o f  t he  Compton e f f e c t  i n  connection with t h e  

r e l i c t  r a d i a t i o n .  In  o r d e r  f o r  t h e  imposi t ion of t h i s  r a d i a t i o n  no t  t o  exceed 
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t h e  i n i t i a l  synchrotron spectrum ( i n  t h i s  case t h e  spectrum i s  not  expressed 

by a s i n g l e  law over  a wide energy i n t e r v a l ) ,  we must have the  fol lowing 

condi t i  on 

- / 2 8  

where E (12) i s  t h e  energy dens i ty  of  t h e  g a l a c t i c  e l e c t r o n s ,  averaged over  

t h e  Metagalaxy, a t t e n u a t i n g  t h e  X-radiat ion due t o  t h e  r eve r se  Compton e f fec t ;  
E(p) i s  t h e  energy d e n s i t y  of  t h e  e l e c t r o n s  i n  r a d i o  ga l ax ie s  (quasa r s ) ,  

producing X-radiat ion by t h e  synchrotron mechanism. 

Since t h e  s p e c t r a l  index o f  t h e  r a d i o  background a = 0 . 7 ,  t h e  

d i f f e r e n t i a l  energy s p e c t r a  of  t h e  e l e c t r o n s  i n  t h e  ga l ax ie s  a r e  expressed by 
t h e  s t e p  func t ion  A 

t h e  r a d i o  ga l ax ie s ,  r e s p e c t i v e l y ) .  Then 

E-2*4dEe(subscr ip ts  g and r r e f e r  t o  t h e  ga l ax ie s  and 
g , r  e 

~ . . .  . -  . ~ . . 

and 

where t h e  boundary ene rg ie s  E are determined by t h e i r  c h a r a c t e r i s t i c  

cons tan ts  o f  t h e  synchronous and Compto; processes  : 
e g , r  

- __ ... . . . . I . 

7 

2 .E,, - j? RO mc 

( reverse  Compton e f f e c t ) ,  
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(synchrotron radiation, V in . . A ,  I 1  in Oe, E 
is written in the following form: 

in eV) . Then condi e 

With V - 10l8 Hz, Eer - (2.1023/H)1’2. 
Thus, if H - Oe, (conventional radio galaxies) then (21) leads to 

the condition : 

which is improba,le, since the contribution of radio galaxies to the radio 
background cannot be so much in access of the contribution to conventional 
galaxies [29]. Hence, in order to get rid of this contradiction, we must 
again conclude that either the electron spectrum in normal galaxies undergoes 
a discontinuity or within the framework of the synchrotron mechanism, that 
the principle contribution is made by sources of quasar type, with a magnetic 
field apparently reach values of about 1-10 Oe (see [21]). In this case, 
condition (16) is much weaker: 

- 

F o r  all of the different questions that have been considered, the validity 
of the concept regarding the principle sources of the radio background is of 
primary importance. Unfortunately, there is no definite information in this 
respect. Sholomitskiy [29] suggests that the principle contribution (sufficient 
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t o  expla in  a l l  of  t h e  r a d i o  background) i s  made by normal ga l ax ie s ;  such a 
viewpoint i s  a s t r o n g  suppor t  fo r  t h e  dual  hypothes is ,  

[30 ,  311 t h a t  r a d i o  ga l ax ie s  ( s p e c i a l l y  i f  they are s u b j e c t  t o  s t r o n g  evolu- 

t i o n )  may make a c r i t i c a l  con t r ibu t ion  t o  t h e  r a d i o  backgroud. This  f i n d i n g  
i s  i n  agreement with t h e  synchrotron hypothes is .  

choice between t h e  two hypotheses i s  a comparison of t h e  s p e c t r a  i n  t h e  r a d i o  

and X-ray reg ions  i n  t h e  sources .  

t h e  nea r  f u t u r e  we w i l l  be a b l e  t o  observe o rd ina ry  ga l ax ie s  i n  t h e  X-ray 

reg ions  a t  Z >, 2 ,  which w i l l  be  necessary  t o  t e s t  t h e  dual  hypothes is .  

I t  i s  proposed i n  

The next  t e s t  f o r  t h e  

I t  i s  s c a r c e l y  p o s s i b l e  t o  hope t h a t  i n  

Now t h e r e  a r e  t h r e e  r e l i a b l e  and i d e n t i c a l  e x t r a g a l a c t i c  X-ray sources .  

Data on t h e  i n t e n s i t y  of t h e i r  r a d i a t i o n  a r e  given i n  Table 1, based on 

t h e  survey i n  [39].  

TABLE 2 
._ __ - 

I Radiated power, e rg ' sec- l  

Cygnus A (ZS405)- 4*IOu 
1 .. . I 

Quasar (ZS273) 1 3 - d 3  I <I@ 

/31 

I t  fol lows from Table 1 t h a t  t h e  r a t i o  of  t h e  powers o f  t h e  r a d i a t i o n  

i n  t h e  X-ray and r a d i o  reg ion  f o r  sources  M 87 and ZS273 i s  on t h e  o rde r  o f  

100, which i s  i n  good agreement with t h e  synchrotron hypothes is14 ,  while  t h e r e  

i s  no such agreement i n  t h e  case of  source  ZS405. 

14The i d e a  t h a t  t h e  r a d i a t i o n  from the  source M 87 over a wide energy range 
i s  explained by synchrotron r a d i a t i o n  belongs t o  Shklovskiy [40] .  
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The synchrotron hypothesis  w i l l  apparent ly  su rv ive  a comparison with t h e  

behavior  o f  s p e c t r a l  i n d i c e s  and quasars  (although t h i s  ques t ion  r e q u i r e s  more 

ca re fu l  i n v e s t i g a t i o n ) .  An s i g n i f i c a n t  number of  t hese  sources  do no t  show 

a n o t i c e a b l e  change i n  t h e  s p e c t r a l  index over  comparatively wide energy ranges 

(see s e c t i o n  V ) .  

The r o l e  o f  r a d i o  ga l ax ie s  i n  t h e  formation o f  background r a d i a t i o n  i s  

less clear. A complete survey of  d a t a  on t h e  behavior  of s p e c t r a l  i n d i c e s  

f o r  - 60 quasars  and - 240 r a d i o  g a l a x i e s ,  compiled by Kur i l ' ch ik  [41],  

l eads  t o  t h e  fol lowing conclusions.  

have a r e l a t i v e l y  s imple shape, approximately 55% o f  t h i s  s p e c t r a  have a 

d i s c o n t i n u i t y  (with an inc rease  i n  a) i n  t he  r a d i o  region (V - 1000 MHz). 
Therefore ,  we can conclude t h a t  t h e  average r a d i o  galaxy makes a r e l a t i v e l y  

small con t r ibu t ion  wi th in  t h e  framework o f  t h e  synchronous hypothesis .  

Out of  190 r a d i o  ga l ax ie s ,  whose s p e c t r a  

/ 32 - 

A s tudy  of  t h e  dependence of  t h e  behavior  of  s p e c t r a l  i nd ices  upon t h e  

r a d i a t e d  power i s  o f  p a r t i c u l a r  importance i n  t h i s  regard .  We do no t  have 

any d e t a i l e d  da t a .  

i n d i c e s  i n  quasars  and r a d i o  ga l ax ie s  on t h e  b a s i s  of  K u r i l ' c h i k ' s  d a t a  f o r  

purposes o f  e s t ima t ion ,  assuming t h a t  the  average power of  quasars  i s  h ighe r  

than  t h e  power o f  r a d i o  g a l a x i e s .  

Therefore ,  we have compared the  behavior  o f  s p e c t r a l  

I t  was found t h a t  i n  the  case of  quasars  t he  percentage of  o b j e c t s  with 

an inc reas ing  s p e c t r a l  index was - 30%, i . e . ,  approximately h a l f  as many as 

f o r  r a d i o  ga l ax ie s .  This i s  i n  q u a l i t a t i v e  agreement with the  synchrotron 

hypothes is .  

In t h e  most d i f f i c u l t  aspec t  o f  t h e  synchrotron hypothesis  i s  t h e  e x i s t e n c e  

o f  a d i s c o n t i n u i t y  i n  t h e  spectrum of  X-radiat ion i n  the  10-100 keV r eg ion .  

The assumption t h a t  t h e  e l e c t r o n  spectrum i n  sources  i s  descr ibed  a l l  t h e  

by a s i n g l e  s tepped curve i s  d i f f i c u l t  t o  r econc i l e  with t h i s  / 3 3  way up t o  E -+ 00 

r e s u l t  5.  

I 5 A s  a r u l e ,  t h e  energy spectrum of  i s o t r o p i c  X-radia t ion  i s  measured by means 

- 

of  a s i n g l e  instrument  over a s h o r t  energy range.  
t h e  d i s c o n t i n u i t y ,  it i s  necessary t o  measure t h e  spectrum over  a l a r g e  
energy i n t e r v a l  (100 times o r  more l a r g e r ) .  

For a d e t a i l e d  s tudy  o f  
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In fact, we can attempt to explain this discontinuity from three posi- 
tions. 

a) The density of the gas in the source of radiation is great enough 
that a portion of the energy of the electrons is extended in breaking radia- 
tion, In this case, however, there will be a significant excess of y-quanta 
in the region E 210-100 MeV which is obviously not the case. 

Y 
b) If the effect of distances at which radiation develops corresponds to 

large Z (Z 2 4-5), the quanta in the region 2 50-100 keV will undergo absorp- 
tion due to the Compton effect in the intergalactic gas, if the density of 
the latter is 2 pc (this idea was expressed by the Rees [ 4 2 ] ) 1 6 .  

effect may be expected for quanta formed in quasars. 
A similar 

However, due to the fact that the cross section of the Compton effect 
falls with the energy - e E /E 
ably small for E >mc2, and, consequently, it must be expressed at energies 
of E 
entire range 2 100 keV. 

(with E % mc2) , this effect will be negli- /34 - n Y  Y Y 
Y 

-100 MeV, where the observations agree with the stepped curve over the 
Y 

The situation is not saved by the fact that with E > 2mc2 a new process 
Y 

develops in which the photons are absorbed (forming vapor), since the asympto- 
tic cross section of this process for hydrogen is more than an order of 
magnitude less than the Thompson cross section17. 

c) The low-energy electrons are emitted by sources without expending 
all their energy on synchrotron radiation. However, a portion of the energy 
which is not consumed in the synchrotron radiation changes to X-rays, due to 

I 6 A  similar effect may be expected for quanta formed in quasars. 
170ne possibility (but one which is not very likely) in regard to point a) and 
b) is the fact that the spectra of the background photons with high energies 
has been poorly investigated. 
in the region E 2 50-100 MeV is essentially the up?er limits. 
no data at all in the region E - 5-50 MeV (see Figure 1). 

The values for the intensity of the photons 
There are Y 

Y 
The importance of studying this spectral region was pointed out long 

ago in connection with other problems [ 4 3 ,  441 .  
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t h e  r eve r se  Compton e f f e c t  with re l ic t  r a d i a t i o n  (see [ l S } ) ,  

excess  X-ray background develops which c o n t r a d i c t s  observa t ions .  

Therefore ,  

Con c l u s  i on s 

a) The dua l  and synchrotron hypotheses provide a good d e s c r i p t i o n  

an 

f t h  

experimental  d a t a  regard ing  background r a d i a t i o n s  ovex a wide energy range.  

b) The dua l  hypothesis  r e q u i r e s  assumptions regard ing  t h e  powerful 

evolu t ion  of  e l e c t r o n s  sources  and a d i s c o n t i n u i t y  i n  t h e  e l e c t r o n  genera t ion  

spectrum. 

c)  The p r i n c i p l e  source of  r a d i a t i o n s  i n  t h i s  hypothesis  c o n s i s t s  of  

t h e  normal ga l ax ie s  a t  Z >, 2 .  

d) I t  i s  d i f f i c u l t  w i th in  t h e  framework of  t h i s  hypothesis  t o  expla in  

t h e  d i s c o n t i n u i t y  i n  t h e  e l e c t r o n  genera t ion  spectrum. 

e)  In  t h e  synchrotron hypothes is ,  t h e  p r i n c i p l e  sources  are powerful 

r a d i o  ga l ax ie s  and quasa r s ,  s u b j e c t  t o  powerful evo lu t ion .  

f )  Both hypotheses p r e d i c t  an i n t e n s e  u l t r a v i o l e t  r a d i a t i o n  i n  t h e  

Universe.  

g) This  u l t r a v i o l e t  r a d i a t i o n  causes very  i n t e n s e  i o n i z a t i o n  of  t h e  

i n t e r g a l a c t i c  gas .  

h) Therefore ,  t h e  experimental  d a t a  on t h e  absence o f  s i g n i f i c a n t  con- 

c e n t r a t i o n  o f  n e u t r a l  hydrogen i n  t h e  Metagalaxy do no t  con t r ad ic t  t h e  

ex i s t ence  o f  Metaga lac t ic  gas wi th  a dens i ty  c l o s e  t o  t h e  c r i t i c a l  l e v e l .  

i )  A t  t h e  p re sen t  time, t h e r e  a r e  no d a t a  which i n d i c a t e  a high 

temperature  f o r  t h e  i n t e r g a l a c t i c  gas ( see  appendix 2 ) .  

j )  There i s  one important p o i n t  which both hypotheses have i n  common. 

The p r i n c i p l e  sources  of  background r a d i a t i o n  must a r i s e  a t  cons iderable  

( Z  > - 2)  d i s t a n c e s .  

d i f f e r e n c e  between them has a te rminologica l  c h a r a c t e r  ( a r e  quasars  one o f  

t h e  e a r l y  s t a g e s  of evolu t ion  o f  g a l a x i e s ? ) .  The r e l a t i o n s h i p  between t h e  

e f f e c t i v e  magnetic f i e l d  and the  equiva len t  i n t e n s i t y  of  t he  re l ic t  r a d i a t i o n  

is  more s i g n i f i c a n t .  

We can t h e r e f o r e  not  exclude t h e  p o s s i b i l i t y  t h a t  t h e  

! 

- / 35 
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e 

In t h e  dual  hypothes is  Heff  4 Oe; however, f o r  t h e  synchrotron 

hypothesis  we must have Hef f  2+ Oe. 

APPENDIX 

1. Inf luence  o f  t h e  Red S h i f t  on t h e  Spectrum o f  U l t r a v i o l e t  Radiat ion 

We s h a l l  d e a l  he re  with t h e  p o s s i b l e  change i n  t h e  spectrum i n  t h e  

u l t r a v i o l e t  range caused by t h e  red s h i f t .  

MeV,  then f o r  r z d i a t i o n  i n  t h e  reg ion  o f  t h e  Lyman continuum t h e  e l e c t r o n s  

would have t o  be braked t o  an energy of - 50 MeV.  I t  fol lows from ( 2 )  t h a t  

e l e c t r o n s  wi th  such energy w i l l  e f f e c t i v e l y  r a d i a t e  t h e  u l t r a v i o l e t  Z > Z Iv 

- 0 . 3 .  Therefore ,  formula (6) g ives  a somewhat more e l eva ted  va lue  f o r  t h e  

i n t e n s i t y  o f  t h e  u l t r a v i o l e t .  

If  t h e  l i m i t i n g  energy EeL < 100 - 
* 

The c o e f f i c i e n t  of  a t t enua t ion  produced by 

t h e  r e d  s h i f t  has  an approximate form: 
- ~ 

-_ . 

I f  8 4 4 . 5 ,  a - 1/3; i f  B > 4, a - 1. 

2. The Inf luence  of t h e  U l t r a v i o l e t  on t h e  Heat Regime o f  t h e  Metaga lac t ic  
Gas - 
The s i g n i f i c a n t  l i b e r a t i o n  o f  hea t  caused by t h e  u l t r a v i o l e t  i s  p o s s i b l e  

only f o r  an in te rva l  of time t c h a r a c t e r i s t i c  f o r  t h e  i o n i z a t i o n  of  i n t e r -  

g a l a c t i c  gas .  
I i  , 

The tll - 1/10 - 1014 s e c  ( I  i s  the  t o t a l  u l t r a v i o l e t  f l u x ) .  

Let us  examine t h e  in f luence  of  t h e  u l t r a v i o l e t  dur ing  t ime t H '  

l In o r d e r  f o r  r o l e  t o  be s i g n i f i c a n t ,  i t  i s  necessary t o  s a t i s f y  t h e  
i n e q u a l i t y :  - - - _  - 

where L+ i s  t h e  i n f l u x  o f  energy produced by t h e  u l t r a v i o l e t  i n  a u n i t  

volume; L i s  the  l o s s  of energy and L i s  t h e  l o s s  of  energy due t o  ex- 

pansion o f  t h e  Universe.  
exP 

The p r i n c i p l e  process  governing the  lo s s  of  energy i n  t h e  i n t e r v a l  o f  

temperatures  o f  i n t e r e s t  t o  us T - (104-105)"K i s  t h e  r a d i a t i o n  from helium- 
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-hydrogen plasma. 

t he  terms18, which e n t e r  i n t o  an i n e q u a l i t y  ( 2  D) : 

Let us  write i n  o r d e r  of  s i g n i f i c a n c e  t h e  numerical  va lues  o f  

Assuming t h a t  t h e  e n t i r e  u l t r a v i o l e t  energy i s  converted t o  h e a t .  

I t  follows from ( 3  D ) - ( 5  D) t h a t  with p / p  - 1, t h e  u l t r a v i o l e t  r a d i a t i o n  
C 

may have i t s  e f f e c t  during time t only a t  va lues  o f  f3 > 7-8 and w 1/5. H 

I8For exac t  va lues ,  s e e  [ 2 1 ] .  
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